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1^ (57) Abstract: An exposure apparatus, wherein exposure is carried out while filling a space between a projection optical system 
and a substrate with a liquid, enables to suppress deterioration of a pattern image caused by air bubbles in the liquid. The exposure 

f*} apparatus comprises a liquid supply unite (1) for filling at least a part of the space between the projection optical system and the 

l/^ substrate with a liquid (50), and exposure of the substrate is carried out by projecting an image of a pattern onto the substrate via the 
projection optical system. The liquid supply unite (1) comprises a deaerating unit (21) for suppressing formation of air bubbles in 

^ the liquid (50). 
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aPii^s »«Ahra*iz^a?j* (dof) tut&^o KxfmjH 

R = k 1 • A/NA ••• ( 1 ) 

<5 = ±k2 ■ A/NA 2 ••• (2) 
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9 9/4 9 5 0 4^fBl3^^tlTU§^)l>iA^^^tLTtx?>o 3 1^ 
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±IBF^A^->©^^a^l^^1-i)^7 , c^ (PL) 
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tztbcDnm^mm (21) t ^mx^m^m^mm^ti^o 

±ie^te*©^;lJg#M£L<liO . 0 1 6cm 3 /cm 3 TO&5J;5ll± 
&&%^h&Wi£(D?$\zm%kis tifzmte*\£}i&-t &mk<D®i& j x JU h % * w# 

i) 0 m.®.<Dsx)\,*m^2>ztizj:^Ts mmmz^-izm.w^iPk^n^o m 

6 *£ » £ ti ?> n IZM L L T t > £> M IdflTfe tf'nt>tim 3 (X**>m 

mx^m^mm^^t^^>n^(Dmmm^izr^^j:^izmmir^(Dtm^ 
*§zw(Dm2<Dmmiz'&in£, &&yt¥m (pd \z&k> tv? - ><D&*mm. 

(P) ±(3lfflte UT. lulBS^^S^SS^S (EX) T&^T. 
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(PL) t»45 ( P ) £<Dfl§CD4>fc < (50)7? 
»ferfe«>©»f*tt*SSit ( 1 ) t ; 

MiB^*!3*5iti»^©^^icp$ijt-5^»j^g (2 1) t.&m-tzwe 
mm. (ex) t^mztiZo 

§ tlTS ffiNHm * SI* fc© T? . B3te#CWte8&±flD»#+ KfttfS ft * * t ^Si 

(3^ft#t^t-^>^m^«i3. »#4«i3fei^sa3s©«*ftttJw-rssija«i*j 

^S^ISItfc^lZli. ^^CD^ro^ft+^l^jCPfiJUT^b 3CD»f*ftlft^ 

&^^^4x5S5SS*l3{5l3^;ya*<^ LTUTt-s ft$SO>«£ft-Hfrl;:JipiM£ 
tifc^A^SSifft^S ZtlHefc 0 % J»ftl±^cZ)i3iEgS4'l^»^LfcftUaft»JR U 
P&5fe7r££ 0 CKD^oCls «3tot<D^±©?a#(ti|^»jaft?«E^-&&(,\«lB-T?« 

^tT:§§©Tf^ «jai^jeH-i-s/t^->ift©^bftte±Ux Sbiw\'*->*ijg 
ftwrs-^/w^fti&g-r^cihtf-etSo 

*feBfl©»&*SS-cl*. I^BSi^lip^Sli^+ro^ft^-rs^^Sft 
tt?3tA«ff*LUo Hul5JK^mii)Sf*:ft*p^5AQ^gft#tz:i:*< 
*?* LU 0 MIB*n^gli>^f*:<DiagTft 3 0°C<T^ 1 0 0°Cl3^U#?>o * 

<fct^o H5SBafiEM(i}fti*a>ajaEJcstsi;T-jE*ftK^L»«o £fc, mvHBtft&m 
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att-ca&o. fio»f*^3aai47.feti«j:^o ssii. «rsKaf*tti&s«tt, tuts 
*f*:©iaEt £ mr*- s iussssiB t * & f nfi *. t u s t siu 0 

m 3 lis X^&tflsWX -/ X^UflDEfll^J&^-rEITfc* o 
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m 8 14, J X)lRlf®i& J X;u<DEil0!l*5*-*-Brefc s o 

12914. ^H^/t-f ^©iHaftlSO)— 00*^-7 MUT&So 

& 1 mmm 

H11 iZfcUTs ^^gEXI4s ?7^M^t577^7^f-vMSTtx 
v'X^Mfcg^E LT?IHMrSH(l«i3te^3RI Lh. ^63feE L TKSBJ^ti/z 

m&x&Jh PLt, sft»s e x ±ft(Dmft*mmmm-f s ^m^m. c o n t ^ * 

(M) fcXMflfrlSk Z$fi^lRlSv/Y$fi^fS]I^Sil^^[n] (^jtai^ia) £Y 
«l*lRjfrSo X$£ s Y«u &tfZtfc£;bt)^ft£*-;h,^*u ex, 6Y, 
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E L^^1-SZJ>T r >-y-U>X. U U-U>*# N M^E Ll3cti> 7X^M± 

Jti£i&*MSfl!tt«* (gttx hflL ittQ &tfK r Fx**,TU-+f3t (M2 4 8 
nm) «fCD83W3te ( D U V&) ^ A r Fi+vTU-f^ (i&K 1 9 3nm) 

F 2 U-1f# (ifcft 1 5 7 nm) «(DXffi*ft% (VUV3fe) fcfcTtfffil* 6*1 
So *HJB^lBTIis A r Fi*^7U-ifMfflU5, 

K^«MSTDI3ct OlElb^^So V^^^^-vlElb^gMST Dli. »£IB 
CO N Tdcfc^M^ftSo 77^7f-v"MS T±CDVX^ MCD 2 ;£5^[n)<Dte 

ICON TI;itB;ti£*i£>o $iJ®^BC ONTIi, U — tf^ttfDiHHteSlZiS^lx 
T?7^7f- vIEftgtSM S T D £iEKnJ- S ItTO^ Xf-vM S T 
£ *iT I n £> V * <? M (D<3±g;* to £ a o 

PHt, »IB^/8*^Jxtf1/4fe*LM*1/5a)ffi/J^Tfei > e &*k 

LfiDftWJ (36fiPffl'J) l-lix &^fti^ (U>X) 6 0A<«WPK«fc0adlLru 
So Z(D^m^6 0l*fit«PKl3*tUT«JK (Sift) RrigHiftl^&*lTUSo 
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^Lr^nZ7f-v5 1 £ N Z7t-v5 1 fe$ftt5XY7f-S;5 2£ N 
XY ^">5 2 5 3 fc*flt*TH* 0 l^f-vP S Tit. 

•J-7^-^^aSj7f->SiiggP S T Din J; t> JSB» * tt ^ 0 SI£*^-5>- 

ettMPSTDii, »^acoNTidj;o$ij^^^?, 0 zxf-v5 1 zmm 
x &vex x eY-fifa\zi5t±zmtwmm*tiZo *fcx xy 

PL^S^Mttf^Tfc^CD&g) *^JW*tl*c t"&*5* N ZXf-v5 
1 (is atSPCD^Th-^^fiEgS^^^^ijfflJUTSffiPCD^S^^-K^*- 
±>^^, h U^U >^*aT?»JK3t^P LflD«®J^t)-&a*x X Y 

XT-is'S 2l«tgP(Z)X^lSjSU f Y^rqjf3fc(t5feM^to^fT"5o fcfcs Z 

ifi7f-i?PST (Z7t-v5 1) ±(3I* N SIEX^-vP ST 
^^PL(3^UT^K^5^Kj^5 4*W^tlTl^o BIUK5 4I;: 

45 p <d 2 ;^7c^iS]©{3is N xvisMeft tt u -ir^mt 5 5 i3«t 0 u t 7 ^^ -r A-^it 
a* *ix »a»s*[4«yaiii«coNT[iai*d*iSo *j»wconti4 x u— tf 

5 5 ©t1"»J^.l3^^l\-CSt5^^- viElb^g P S T D &ffi«ri-£ dhTf 
S*£*^-vP S Tf3^*ti-CUS»t5P©(4«^«)fefTao 

WPL(0at«P«O3te^*? (U>X) 6 0©^S (TH) 7 fcflDMfcflfjfca) 
»fc5 0#j»fc**i* o ±ijtLfeJ:5K: x «Mg3t^PL(D$fei|MMlcttU>X6 0 
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(g$k hijsS. ife) MK r Fi+v7U-if3fe (;M2 4 8nm) ^ffil^ 
% (DUV£) fclfe^ C©B3te3tELfta8iHBrfi67?feSo 

E X lis &f£^3s P L (D9cmm (1/>X6 0 7 tms. P h 
0«rEWRrS»#:|3]JR4ai2 fc«rflliLTU«o >»f£*££lg1 lis S»mPL 

mmmw; 1 lis m&m 3 aims; 4 &<fr lt^iw 5 6 icas** 5 0 *«w-*-* 0 
ftttmis* 2 flR3i7K>7\ EMxLfcfcfts o£iR$rs* 

W5o ^IUiR^ft2l3li|51iRW6©-^§lJ^i$gg^tLs IsMR* 6 ©ffeSMflilZtt 
lsliRyX^5A<»>***iTtx5o i»f*Isli|X*l«2l±s IsjiRy XJU 5MXf^m 6 % 
^LTiFI 5 6 CDjftfls 5 0 fcHWrTS 0 5 6 IC1>» 5 0 fcjftfc-*"!*. «iJ»M 
C O N T fiftttftt&gg 1 fciEib L s tttett 3 & 0«S J X)l 4 £^ L r2H 5 6 
l-*fr IT^^i •? ftr&fttDiftft 5 0 fcfltfS-r S h t, 13s Sialism 2 « 

WJ5 6«k OlsWXrSo 3til3ct<9s «JB3te^PL©ft«®7fca^Pfc©M<D£ 
Is! 5 6 |3^#: 5 0 *TO$<* *l£> 0 

111 2 lis S^gEX©^f*3fe^PLCDTgPs »M&et1 s JSLtfrnim^ 
&W.2m*7F-?m) ©gP^te^IHTr&^o EI2l;:£5UTs &&K&ZhP \-<DWlTs® 
©U>X6 0lis $t4S§P6 OAA^^ld^&gp^lt^UTYll&^lRl (ft 
^ffi^ffij) l3#amt\>g^tjeJ56**lTt^So ^S^7tB§lZ:lis $fe^6 0AfDl: 

t (Dmm(D&&mmz^x t mcd—^oj ti, &mytm&pnz 
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XYX^-v5 2ft:frLTSt£P#+X#p!i] (Xli-X^lS]) lli&g/? • V 

0 ft SS^-J: -5 l;ilS!5t£ tiT t> & o 

H3li, ^^PL(OU>X6 0©$fe«ttP6 0 Ahx $$#5 0 ft Xtt#fcjl3 
ilSt5if&/X^4 (4A-4C) J«f*5 0ftmjR-r*l5l]RyX^5 (5 A. 
5B) ^OteS^ft^-riHTfeSo IH3lz:fcUNT N b>X6 0(D$fe^SP6 0 ACD 

bP6 0 AftX*h*-|qj^ttt?J:-5l3v + X^Ifij{|iJI3 3 oCDfBIS/ XJU4 A~4 C #IE 
— X^fpJffiiJl; 2o©[2lJ^y XJb 5 A> 5 BtflBM^tlTl^o ?LT, & 
$d y A~4C 3 ft ^ L TattttftteSS 1 *is 0i|X J X)l 5 

A N 5 BI4lllJ|x«4ft^LT:»f*:lHliR(Kit2(Z»«fi**iT:^4o £fz.m&yX)l 
4 A~4C£1e}%IS XJ15 A, 5 B hft$fc*iSSP6 0 LTI81 8 0° 

iHWELfefiiaiZ. «|ft/X;U8 A-8Cfc N BiR y XJU 9 A x 9 B ^tflBM^tiT 
U« i^/XJU A~4Ci:lE]i|xyX;U9 A. 9 B £1* Y$ft^lC13££l3iE?iJ£;h,. 
&&/;OU8 A~8C£\bU!RSX)15 A. 5 Btl4Y^fSjlz:^SI3BB?iJ^tl> 
^y^8A-8C(±t|&i1 0ft^LTJaf*{fc*£$l«1 KJMitetu [sMXyXJU 
9A, 9Bli!sMXtt1 1 ft^LT»«:|Hli|X«it2l3^6**iruSo ^X;U^e>0D 

So 

^5 owz&i*znfe(Dm£zm\+znmmmm£LTm&%,mw:2 1 ftn 
*.tus 0 ®4i3^-rm^g2 1 liatfts oftip»«ip«^«ftiix.ruSo 
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OrtCDS^^^-T^^^o^^;!,^ 20tv JU£ 2 0 ^ilii L 5 0 

£ffi5£<Z>}^ (mi* 9 0"C) l3in^i,ijp^M2 1 »£|g2 1 ClcfcOAn 

M2 214. £B8 5 6 5 09;U*B%£BE X tfi&mzti 

»3l4tttt«3 x 1 0*^^*iTfe«J. aj^imiiB2 2^J:0BB9ndn^i» 
f*5 0l4ittE7K>ri 5£J:9tttt«3 (1 0) ft^LTffi»5 6 tfWft**,*. 

£B&aD3fc-r3c:£:-e$ftf*5 0 £}»-r3 J k<DT 5 &oT:> 3CDi|X^gl3J4^^ 
B©-8P&«J3£«i#»« 1 3*%«^T^5„ ftD*M£B2 1 ©ftftttx raigg 
BCONT(Z«fc0ftJfcP£*i3«fc3l;:&oT;i*3 o iniif 2 1 1*^5 0^© 
iBJ*liiD»rs^i:Tf N Z©^5 0 »HZ*#LTl\3*M*:fcaH*5 0^6»* 
(Uttft) -T^o IXi5ili^tLfc^#:m^l4 N 3«t0«B^»C»ili**i* o 
h£#5 0(4s »=£«2 1 T^m^tli.Zl^l^O^OD^W^J^nSo AIM 
tgg2 1 (4. mz.lt. m&5 0*ft&T>jmteXT>l>XX ; r<( -JMD^CDKMlZ 

Wftt-^-itsftH-Tx *©BMt-^(Z)ajaEt«wr*H 6§im4t^>u 

5 0 4ii£tfeir©f^ii u#3 0 
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ZZT'. *n^S2 1 lix 'ftfcS 0©Mfc3 0°CJ5l±1 0 0 o CJ^TI^^"ri)o 
1-&t>-fes j$#5 OI±iUfl8fi&S2 2TK3fe**iSjBA (*-*>'trt©il*Ta& 
S0!!;tl£2 3°C) «fc9*H»** mt?»#<D»^TOSMrt5HT?JlPlfc**T.5 0 iQ 
^g2 1 tt±Eittl6HTr»f*:5 0*4rt*«ifc-CJBiftU, SM5 6l3«te* 

ti%im5 owzt$ii-*is&<D&±*toM-tZo win* ixamm2 1 i* N ^5 0 

>«f*:5 0IMSI2 1 Cfil^t >A-|*j (SPI5 6) ©igjgcfc "9 ft < 
vP S T 13 □ - K«* fife 6 v »itCO N TttJftf*««SW 1 £lEii U £H 5 

6i^*trsjaif*:«*s«rf^*Ki*&-rso izifcu-Cx ^soii, ^ 

^^2 0*aai-5^fcli«kOII«D*fe»***lfett«8-C*D»*l«2 1 CUBteSfl 
5e 1 I3«<&**lfe}ftf*:5 0(4. m^©iWlZi«fltt**iSo »f*5 Oli. 

1 T:mj£(D^\zmm£ti2>Z£lZ&*)Mm.$*iZ 0 Ntic^ti^ftfM 
»(4x ^»^fli<7)-SP«:«tfi£-rs^ft«1 3*^L-C^«^gP^m*tlSo ^ 
**ife}«f*:5 0 ttiUfNB&ll 2 2l3#t$t$ti. m(i^*>/trt<DiB*fcl5l£af 

§0 io^f 2 1 £.&B®m.&m2 2il^m%t^^ 4. sj&usM^g 

2 2, &tf0fctt*3*(D»tt:5 0(Z)SiE»(4ffiB5$ titTfc 0 N 0 tedCD^SS*: 

6t««ft*ti%*7?a)aEtt*j&fi6r*ttte«3ftir(Drtsifi (»#fca>i£tt®) li 
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W LTfc £ x F/rMcD* -f 5 5 6 «fc 

^LTs ^EPXa (|g|3#JBD T^-T^S^Ir] (-X^fij) (ZlStg P 
ilXyX;U5A, 5B»T, ^#t^fi1 ^U'^I°|iK^M2II«l; 9>$&5 0 

M3&t>m^x;u4 (4A-4C) nftLumtem&mmi frt>m.fo<D%±*to 

m^titcym-S Ot^M%^P L )i&fcP £<Dmizm&T*ti2> ££i,{Z, 
XJb5 (5 A. 5B) N TkXfmWmG-kft^-Cy&WS 0ftmVm$mW.2[Z&VSLl5 

^Epx b-e^-r^s^-fRj c+x^-fR]) [zw&p^m^^t-c^.mm,^n^m^\z 

liv #8S1S 1 0 , m&J XJU 8 A~8 C. EiR^ 1 1 s 7klflsli&; X)l 9 A. 9 B 

*m^-c. m.wm&%kw. 1 Rumi^mmm 2 \z£ k> mt 5 0 <r>m^mf mwn 
t>ti%o -ttet>*>, &faPfi<+xijfaiz&W)T2>miz\t, i^ti o&imi&^x 

;U8 (8A-8C) ^^LTjS^iil ^b^^Fti^^5 0#&|g&^ 
P LtmfaP iKDmizmSZtiZttlblZ, 011X^X^9 ( 9 A N 9B) N RV® 
1RW1 1 ^LT^#5 0A^lH]iJX^S2l3[5Ii|X^tLs U >X6 0 iiStSP £<D 
P^^>t/ci-«J:ai3+X^[Sjlz^5 0*^tLi>o ^ODJ:^^. $iJ^SCONTIi N 
^fft^S 1 ^U'^[HliJX^g2 ^fflUT, *^PcD^S)^rR)l^oT^5 0 

#5 0liS*SP©-X^lRl^CD^S!)lZ:^oT^5 6i;:3l£&£;tx£>J;-5l'LT}jfc 
ti^CDT. >$te«f&ilS 1 tf)#t$$:L*,iU**- < -c<b ffi.te 5 0 &£Rfl 5 6 \Z& 

mizt*t6T:£z 0 ^ip)i:r&i;T^5 0^>^t-^rS]^t7]»5#^5c:h 

II«t!)v +X^fS]. Xli-X^fSjCD^-fe^O^lpJlza^P^^fi-r^^l'tv u 
>X6 0(D$fe5S®7hS^Pi:(Z)P B ^>S^5 Olrlfetlh^^, ^U^J^S 
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5 0 fc+^U^WlLTfr 6. ClCD}$f*5 0 P L hlttBE P £(DlWzm 

m^ra 5 6 *mi* ztizjzv, ^5 oii^©^^;:^**^^^ 
m&frfrztzth, mmnsmi tifcaH* 5 cm. *cD«8a*titettK 

£^-5Hu!::. »#@iR3S|«2fc[giR£;h.So LfeA'ot, ^Rg 5 6 13 felt 5 j$-f*5 
0*^(D£itt: ©^tctoT, jfi^mP Lt»tRPi:a)fBCDj«f*5 0 

«2 1 ii N F«g[^[^-ri3. j%f^^si«i ^e^^mizi^r 

**i*©t?s **RP*®©iBjftWISIA<fft>tL % Sit©PSl^i;s»W3 e tSIS|gp© 

mM^iZct 5 ^ 7 * * > s m&m<DmT*m±t% z t. t s 0 
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p l G>9tvm \zmf e *it t ^ x&m^nwm £ m&* % nm & «§?t -c # & 0 

^LT. 3«#1 9 3 n miSffil^ E L izMT &$fok (tK) ©ISf^nliS 
IS1 . 4 7~1. 4 41Ii:fte*lTJ3 0x iMELOMtLTAr Fi+v 
7b-f3fe Ufcftl 9 3nm) fcJBUfc»^ N P ±Tli 1 / n % rfet>*l*J 1 
3 1-13 4 nmSJ*l3S5ftJ|'fb**lT*^«f«J*A t f*6*iSo MtH. Miim&lt 
^m.*lztt^-cmnfe, -fteto-bfol . 4 7-1 . 4 4«gJEK:ifcfc**i*fc«K 
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